Dear IALCCE visitor, TNO is an independent Dutch research organization. We believe in the value of predictive and reliable asset management. Therefore our research and development focusses on delivering methods and means to obtain and use better information for improved asset management. This leads to more optimal decisions on inspections interval and maintenance activities and replacement, with lower life cycle costs as a result. This includes monitoring techniques to better predict remaining life time of ageing civil structures.
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MAINTENANCE DECISION MODEL FOR STEEL BRIDGES: A CASE IN THE NETHERLANDS

Thomas Attema (TNO) and others
A probabilistic model is developed to investigate the crack growth development in welded details of orthotropic bridge decks. Bridge decks may contain many of these vulnerable details and bridge reliability cannot always be guaranteed upon the attainment of a critical crack. Therefore insight into the crack growth development is crucial in guaranteeing bridge reliability and scheduling efficient maintenance schemes. The probabilistic nature of the crack growth development model and the dependence of this model on many interdependent random variables results in significant uncertainties regarding model outcome. To reduce some of these uncertainties the probabilistic model is combined with a monitoring system installed on a part of the bridge. In addition, a Bayesian network is used to determine the dependence structure between the different details (monitored and non-monitored) of the bridge. This dependence structure enables us to make more accurate crack growth predictions for all details of the bridge while monitoring only a limited number of those details and updating the remaining uncertainties.
The complete article is published at: http://dx.doi.org/10. 1080/15732479.2016.1158194 
INFLUENCE OF ASPHALT ON FATIGUE CRACK MONITORING IN STEEL BRIDGE DECKS USING GUIDED WAVES
Pooria Pahlavan (TNO) and others Asphalt materials generally exhibit temperature-dependent properties, which can influence the performance of fatigue crack inspection and monitoring systems for bridge deck structures. For a non-intrusive fatigue crack sizing methodology applied to steel decks using ultrasonic guided waves, the effect of asphalt has been investigated. A higher-order spectral finite element model has been implemented to capture the propagation characteristics of guided waves in the multi-layer waveguide. Experimental evaluation has been performed on an aluminum plate covered with bitumen. The results reveal that the extent of the effect of asphalt on propagation of guided waves depends on the type and layout of the asphalt. For a particular asphalt type of interest, i.e. open asphalt surfacing, however, this effect appeared to have limited influence on the performance of the crack sizing methodology, i.e. in the order of a few percents. In the analysis, temperature variation, and uncertainties in the material properties and asphalt bonding condition have been taken into account.
The complete article is published at: https://doi.org/10.1016/j.conbuildmat.2016.05.138
PROBABILISTIC FATIGUE LIFE UPDATING ACCOUNTING FOR INSPECTIONS OF MULTIPLE CRITICAL LOCATIONS
Johan Maljaars (TNO, Eindhoven University of Technology) and others
Many steel structures contain multiple fatigue sensitive details that have similar geometries and are subjected to similar load fluctuations. Examples are orthotropic (bridge) decks and stiffened (ship) hulls where tens to thousands of similar details are present in one structure. Generally only visual inspections on fatigue cracks are considered for these structures because more accurate techniques are considered to be too expensive and time consuming when so many details need to be inspected. Visual inspections are known to have a low probability of detection. Consequently Bayesian update techniques usually show a marginal effect of the result of visual inspections on the reliability of structures with respect to fatigue failure. On the other hand the inspection result of one location also provides information on similar details at other locations and thus the significance of the inspection result may be larger if multiple potential crack locations occur and cracks are not detected at any of these locations. This paper provides a probabilistic fatigue crack growth (fracture mechanics) model of a system containing a fatigue sensitive detail at multiple locations that accounts for the results of inspections. Spatial correlations of loading, resistance, and uncertainty variables between the different locations are evaluated and estimated through a literature review and are accounted for in the model. The model is demonstrated on a practical example of an orthotropic bridge deck containing a detail at 100 locations. The paper shows that visual inspections may be effective provided that a certain minimum inspection reliability can be guaranteed, that the structure is relatively tolerant to large cracks, and that the geometry and loading conditions are similar for a large number of locations.
The complete article is published at: http://dx.doi.org/10.1016/j.ijfatigue.2014.06.011
INTRODUCING LCC IN MAINTENANCE DECISION MAKING ON NETWORK LEVEL
Jos Wessels (TNO) and others
Every four years the Dutch government and the executive agency Rijkswaterstaat (RWS) negotiate a Service Level Agreement (SLA) for the performance of the national roads, waterways and water systems. In this SLA, the required performance of the infrastructure, the risks and the maintenance budget for the coming four years is agreed upon. The common opinion is, that the relatively short term and lagging character of the performance indicators in the SLA, may lead to sub-optimal decisions in the long run which may lead to a waste of public money. In order to improve transparency and increase the understanding of the long term consequences of SLA decisions, an effective and practical indicator that takes long-term effects in to account is called for. Experience with such practical indicators for maintenance budget decisions is not available in the infrastructure sector, nor in similar sectors. This paper deals with the derivation of the indicators based on existing maintenance planning data. The resulting indicators improve transparency and provide insight in the long term cost development of the required maintenance budget. Further research and development is required for using the indicators for policy and decision making.
The complete article is published at: https:/www.researchgate.net/publication/ 268811411_Introducing_LCC_in_maintenance_decision_making_on_network_level
PRELIMINARY STUDY OF LIFE CYCLE COST OF PREVENTIVE MEASURES AND REPAIR OPTIONS FOR CORROSION IN CONCRETE INFRASTRUCTURE
Rob Polder (TNO, Delft University of Technology) and others Maintenance costs of reinforced concrete infrastructure (bridges, tunnels, harbours, parking structures) are increasing due to aging of structures under aggressive exposure. Corrosion of reinforcement due to chloride ingress is the main problem for existing structures in marine and de-icing salt environments. Corrosion cannot be ruled out completely for new infrastructure, even with today's emphasis on design for long service life (e.g. 100 years), a.o. due to local effects such as leakage of joints; consequently, repairs may be necessary. This study reports on total life cost calculations for various options to prevent or remediate corrosion damage in an example bridge which is exposed to de-icing salts, locally aggravated by leakage of expansion joints.
Scenarios were developed to predict -the occurrence of corrosion damage in the joint areas; -total life cycle cost (LCC) effects of using stainless steel reinforcement, (repeated) hydrophobic treatment and cathodic prevention in the joint areas; -cost effects of conventional concrete repair and cathodic protection in the joint areas, depending on the working life of these corrective measures.
Summarizing the preliminary results, using stainless steel reinforcement and (repeated) hydrophobic treatment of concrete in the endangered areas is surprisingly economic. Furthermore, the working life of conventional repairs and cathodic protection are major parameters affecting the total life costs. A simple tool was developed for predicting the total life costs depending on working life and costs of various preventive and corrective measures.
The complete article is published at: http://heronjournal.nl/61-1/1.pdf
USE OF ADVANCED CORROSION MONITORING FOR RISK BASED MANAGEMENT OF CONCRETE STRUCTURES
Rob Polder (TNO, Delft University of Technology) and others
Reinforced concrete is a cost effective material used widely in our infrastructure. The durable combination of steel and concrete provides safety and serviceability. Normally, the physics and chemistry of concrete protects reinforcing steel against corrosion. Over time this protection can be lost due to aggressiveness from the environment, for example chloride ions from seawater and de-icing salts, causing corrosion. Corrosion is the main cause of damage to concrete structures. Due to ageing of the infrastructure, maintenance costs have increased to a major part of the total costs. Proper management should include taking measures for repair and re-install corrosion protection before danger occurs.
For owners of structures corrosion is difficult to handle because there are no objective tools that inform them about the corrosion state. With such information they could take remedial actions well before damage appears and their spending on repairs would be reduced.
Monitoring would allow a more cost effective management of corrosion in concrete. Monitoring systems should be based on embedded sensors for early detection of corrosion, combined with software that translates monitoring signals into the level of risk and the point in time when the structure needs repairs or other interventions.
The paper combines the domains of corrosion in concrete and sensors to monitor its progress with risk and reliability of structures. It gives an example of costs savings due to monitoring and provides underlying statistical data from the field. The ultimate goal is building software tools to design monitoring systems and sensors and to interpret signals in terms of risk of damage and to effectively and economically undertake necessary interventions.
The complete article is published at: http://heronjournal.nl/52-4/2.pdf
